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SPECIFICATION 

Title of the Invention 

METHOD OF REMOVAL OF ORGANIC COATED AND 
HARDENED FILM 
[Claim for Patent] 

1. A method of the removal of an organic coated and hardened 
film from a substrate with which the organic coated and hardened film 
is joined, the method comprising bringing the substrate, with which 
said organic coated and hardened film is joined, into contact with 
liquefied gas or supercritical gas and thereafter expanding said gas by 
changing the temperature and/or pressure conditions of the gas. 

2. A method of the removal of an organic coated and hardened 
film according to Claim 1, wherein said gas contains an organic solvent. 

3. A method of the removal of an organic coated and hardened 
film according to Claim 1, wherein said substrate is a semiconductor 
wafer and said organic coated and hardened film comprises a 
photoresist material. 

4. A method of the removal of an organic coated and hardened 
film according to Claim 3, wherein said semiconductor wafer comprises 
a Si monocrystal plate on which a protective film such as Si02, SiN or Al 
is formed and the photoresist material and the protective filn) are those 
of which a pattern etching has been finished. 

5. A method of removal of an organic coated and hardened film 
according to Claim 3 or Claim 4, wherein said photoresist is a negative 
or positive type, 
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Detailed Description of the Invention 
[Field of Application of the Invention] 

The present invention relates to a method of removing an 
organic coated and hardened film from a substrate with which the 
organic coated and hardened film is joined, and, particularly, to a 
method suitable to peel off a coated film of a photoresist coated film of a 
semiconductor wafer. 
[Background of the Invention] 

With regard to a semiconductor wafer, the following operations 
are carried out: a protect layer such as Si02, SiN or alxuninum is formed 
on a Si monocrystal plate, a photoresist material is then appHed to the 
surface of these protective films, the photoresist material is polymerized 
into a predetermined pattern by exposure to a prescribed pattern, a 
photoresist coating film and protective film having a prescribed pattern 
are formed by a pattern etching and thereafter the substrate is doped 
with impurities. It is necessary to remove the photoresist coated film 
from such a semiconductor wafer of which a pattern etching is finished. 
As a conventional method of removing such a photoresist coated film, a 
method in which a strong oxidant such as hot sulfuric acid, sulfixric acid 
or hydrogen peroxide is used to solve the photoresist coated film. 
However, the method using such a strong oxidant has the drawback 
that the reuse of a process solution is difficult and the life of the process 
solution is short since a photoresist film component is dissolved in the 
process agent. Also, a base material under the photoresist film is 
possibly eroded depending on the way of the treatment. While a 
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method is used in which a photoresist coated film is peeled off using a 
special peeling agent such as a phenol type organic material or halogen 
type organic solvent in consideration of the chemical resistance of the 
base material under the photoresist film. In the method using these 
organic solvents, however, post-treatment of a solvent is required in 
view of environmental safeguard and a handling problem arises because 
these solvents are flammable chemicals. Moreover, an ashing method 
using a low temperature plasma is carried out. In this method, 
however, because heavy metals contained in a photoresist film cannot 
be removed, these heavy metals remain unremoved on a semiconductor 
wafer even after the photoresist film has been removed, which requires 
additional treatment for removing the heavy metals. 

As stated above, these problems which arise in the conventional 
methods of removing a photoresist coated film cause a deterioration of 
elemental properties on account of irregular diffusion of a process 
solution, the contamination of Si02 and unstabiUzation of elemental 
properties caused by impurities and reduced yield of elements on 
account of deteriorated dielectric voltage resistance at present. 
[Object of the Invention] 

The present invention is to provide a method of the removal of 
an organic coated and hardened film, the method preventing the 
contamination of a protective film, e.g., Si02 and deterioration in the 
characteristics of elements caused by impurities, avoiding a reduction in 
yield of elements and enabling easy reuse of a process solution. 
[Summary of the Invention] 
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The present invention is to provide a method of peeling off an 
organic coated and hardened film such as a photoresist coated film 
physically without making use of a phenomenon such as dissolution, 
chemical peehng or oxidation and resides in a method of the removal of 
an organic coated and hardened film from a substrate with which the 
organic coated and hardened film is joined, the method comprising 
bringing the substrate, with which said organic coated and hardened 
film is joined, into contact with liquefied gas or supercritical gas and 
thereafter expanding said gas by changing the temperature and/or 
pressure conditions of the gas, thereby removing the organic coated and 
hardened film by the expansion force. 

In the present invention, a substrate with which an organic 
coated and hardened film is joined is brought into contact with liquefied 
gas or supercritical gas mider pressure to dissolve the liquefied gas or 
the supercritical gas either in the organic coated and hardened film 
itself or in the boundary between the organic coated and hardened film 
and the substrate, thereby decreasing the pressure of the liquefied gas, 
supercritical gas or lowering the temperature of the liquefied gas or 
supercritical gas. The dissolved liquefied gas or supercritical gas 
existing in the organic coated and hardened film or in the boundary 
between the organic coated and hardened film and the substrate is 
expanded and the organic coated and hardened film is peeled from the 
substrate by the expansion force. A variety of liquefied gas extraction 
methods and supercritical gas extraction methods utilizing the 
properties of liquefied gas or supercritical gas as a solvent have been 



proposed. In these methods, the properties as a solvent such as (A) 
large solubility, (B) high selectivity and (C) easy separability of the 
extract from a solvent are utihzed. 

The present invention utilizes (A) the solubility of solvent gas 
and (B) the expansion force of liquefied or supercritical gas which force 
is obtained by pressure reduction or a rise in temperature and is hence 
different from the conventional extraction methods in principle and 
object. 

Here, the supercritical gas means those which are in the 
condition of more than supercritical temperature and supercritical 
pressure in the pressure-temperature constitutional diagram. The 
liquefied gas means those which are in a pressure condition above the 
saturated vapor pressure line in the pressure-temperature 
constitutional diagram and have a gaseous form at normal temperature 
under atmospheric pressure. 

In the present invention, non-oxidizing gas such as CO2, NH3 or 
N2 may be used as the liquefied gas or the supercritical gas. CO2 is 
desirable in view of costs and operations. Also, organic solvents having 
a gaseous form at normal temperature may be used even singly. As 
such a solvent, propane, butane, methyl chloride or the like may be used. 
These gaseous organic solvents may be changed to liquefied gas or 
supercritical gas under increased pressure or at lowered temperature. 
In the case of liquefied carbon dioxide gas, it can perfectly penetrate 
with difficulty into the inside of an organic coated and hardened film 
such as a photoresist coated film or into the boundary between each of 
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these films and a substrate. In this case, therefore, it is desirable to 
mix a highly soluble organic solvent in carbon dioxide gas. When a 
sudden reduction in the pressure of Uquefied gas is made by the mixing 
of an organic solvent, the solvent serves to lighten the impact produced 
when the pressure is suddenly reduced. Given as examples of organic 
solvent having high mutual solubility with liquefied carbon dioxide are 
hydrocarbon type, hydrocarbon halide type, alcohol type and ketone 
type organic solvents. Hydrocarbon type organic solvents such as 
hexane, petroleum ether, benzene and toluene completely solve in 
Uquefied carbon dioxide gas. Also, though hydrocarbon hahde organic 
solvents such as dichloromethane and Freon are insoluble in a static 
state but become soluble by stirring. As for alcohol type organic 
solvents, for example, ethanol (anhydride) thoroughly dissolves in 
liquefied carbon dioxide gas and ethanol (hydrate) partially dissolves in 
liquefied carbon dioxide gas. Also, ketone type organic solvents, for 
example, acetone thoroughly dissolves in liquefied carbon dioxide gas. 
Therefore, the organic solvent to be mixed in liquefied carbon dioxide 
gas must be selected in overall consideration of, for instance, the 
solubility in the organic coated and hardened film and the 
characteristics decreasing damages to the substrate. 

In the case of supercritical gas, it is desirable to mix an organic 
solvent in the supercritical gas to provide the gas with more perfect 
solubility in the coated and hardened film and with more perfect 
penetrability into the boundary between the organic coated and 
hardened film and the substrate. 
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In the case of using an organic solvent, only a small amount of 
the organic solvent sxiffices the requirements since a large amount of 
solvent gas dissolves in a small amount of the organic solvent. FIG. 1 
is experimental data showing the total solubility of liquefied carbon 
dioxide gas (hereinafter abbreviated as L-CO2) in an aqueous ethyl 
alcohol solution. The abscissa shows temperature and the ordinate 
shows the amount of L-CO2 dissolved in an aqueous ethyl alcohol 
solution and the amount of an aqueous ethyl alcohol solution dissolved 
in L-CO2, wherein the concentration of alcohol in the aqueous ethyl 
alcohol solution is a parameter. Fig. 2 is resulted from FIG. 1 when 
the temperatxire is fixed at 16°C and the concentration of alcohol in an 
aqueous ethyl alcohol solution is taken as a function of the ordinate in 
FIG. 1. It is found that when the concentration is 90 vol% or more, a 
considerable amount of L-CO2 dissolves in an aqueous ethyl alcohol 
solution. 

PSxamples of the Invention] 

The present invention will be explained in more detail by way of 
examples. 
Example 1 

A power wafer provided with about a 10-^m-thick photoresist 
coated film of which a pattern etching had been finished was brought 
into contact with L-CO2 at ambient temperature for a predetermined 
time in a vessel. Then the pressxire in the vessel was dropped rapidly 
to atmospheric pressxxre. The photoresist coated film was thoroughly 
peeled and falls away from the substrate. 
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Example 2 

A power wafer provided with about a lO-jim-thick photoresist 
coated film of which a pattern etching had been finished was brought 
into contact with supercritical carbon dioxide gas having a pressure of 
75 atg and a temperature of 35°C in a vessel. Then the pressure in the 
vessel was dropped rapidly to atmospheric pressure. At this time, the 
direction in which gas is sucked was set to a direction parallel to the 
plane portion of the semiconductor wafer. As a consequence, the 
photoresist coated film was thoroughly peeled and falls away from the 
substrate without the breaking of the wafer. 
Example 3 

A power wafer provided with about a lO-pim-thick photoresist 
coated film of which a pattern etching had been finished was brought 
into contact with a mixture solvent consisting of L-CO2 and ethyl 
alcohol at ambient temperature in a vessel. Then the pressxire in the 
vessel was dropped rapidly to atmospheric pressure. As a consequence, 
the photoresist coated film was thoroughly peeled and falls away from 
the substrate. Further, gas was sucked in the same direction as in 
Example 1 and no breaking of the wafer was found. It is thought that 
no breaking of the wafer was caused because the existence of ethyl 
alcohol lightened the impact when the pressure was dropped. 
[Effect of the Invention] 

As stated above, according to the present invention, an organic 
coated and hardened film joined with a substrate is physically peeled 
and removed and hence there is no deterioration in the characteristics 
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of elements which deterioration is caused by oxidation decomposition 
and dissolution by chemicals, leading to an improvement in the yield of 
elements. Also, when a protective film, such as a photoresist coated 
film, consisting of a thin oxide film, the contamination of Si02 with 
impurities, unstabilization of elemental properties and a deterioration 
in the dielectric voltage resistance are eliminated and further no 
operation of removing an oxide film and washing in the subsequent step 
are required. Also, since an organic coated and hardened film like the 
peeled and removed photoresist coated film exists as a solid in a process 
solution, its recovery is easy and hence waste water treatment is greatly 
simplified. 

Brief Description of the Drawings 

FIG. 1 and FIG. 2 are graphs showing the total solubility of 
hquefied carbon dioxide gas in an aqueous ethyl alcohol solution. 

Agent Tatsuyuki UNUMA, patent attorney 
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